A simple microfluidic device to study cell-scale endothelial mechanotransduction.
Atherosclerosis is triggered by chronic inflammation of arterial endothelial cells (ECs). Because atherosclerosis develops preferentially in regions where blood flow is disturbed and where ECs have a cuboidal morphology, the interplay between EC shape and mechanotransduction events is of primary interest. In this work we present a simple microfluidic device to study relationships between cell shape and EC response to fluid shear stress. Adhesive micropatterns are used to non-invasively control EC elongation and orientation at both the monolayer and single cell levels. The micropatterned substrate is coupled to a microfluidic chamber that allows precise control of the flow field, high-resolution live-cell imaging during flow experiments, and in situ immunostaining. Using micro particle image velocimetry, we show that cells within the chamber alter the local flow field so that the shear stress on the cell surface is significantly higher than the wall shear stress in regions containing no cells. In response to flow, we observe the formation of lamellipodia in the downstream portion of the EC and cell retraction in the upstream portion. We quantify flow-induced calcium mobilization at the single cell level for cells cultured on unpatterned surfaces or on adhesive lines oriented either parallel or orthogonal to the flow. Finally, we demonstrate flow-induced intracellular calcium waves and show that the direction of propagation of these waves is determined by cell polarization rather than by the flow direction. The combined versatility and simplicity of this microfluidic device renders it very useful for studying relationships between EC shape and mechanosensitivity.